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We, Activated Sludge Limited, a ErMsh 
Company of Abbey House, Victoria Street, 
Westminster, London S.W.I, do 'hereby 
declare the invention^ for which we pray that 
a patent may be granted to us, and the metftiod 
by whioh it is to be performed, -to be par- 
ticularly described in and' Iby tihe following 
statement: — 

This invention is for improvements in or 
relating to flhe (purification of sewage, or 
industrial waste effluent. 

In die (purification of sewage it ihas been 
Jibe practice to pass tihe incoming screened 
and detritus-free sewage through a preliniinary 
sedimentation stage and it ihas also sometimes 
teen the practice to treat 'tire sewage in pre- 
aeration tanks before it passes into such pre- 
liminary sedimentation tanks. The main pur- 
pose of -treating the sewage in pre-aeration 
20 ranks is: — 

a. To freshen up tite sewage if it is received 
at the sewage treatment plant in a stale or 
septic condition. 

b. To obtain some fioccuiatioii of the sewage 
25 and thereby improve the efficiency of tihe treat- 
ment in tihe preliminary sedimentation tanks. 

c. Effect removal of grease. 

The first .two objects set forth above can 
be achieved by providing the pre-aeration tanks 

30 with known forms of aeration, ejg. air jets or 
porous (e.ig. stone) diffusers set in the bottom 
of the tank, air under pressure being intro- 
duced under the porous (eg. stone) idftJusers 
and diffusing up theretinougfti in the form of 

35 small bubbles. It is necessary with the diffuser 
arrangement that tihe diffusing air should cause 
sufBcient agitation to prevent 'the solids in the 
sewage settling on the floor of the tanks. 
Unfortunately tihis agitation is objectionable 

40 from the point of view of obtaining removal 
of the grease because, although trie tgrease 
particles may be caused to coagulate they are 
broken up again by sudh agitation. 



An object of the present invention is there- 
fore to provide improvements in 'tihe pre- 
aeration of the sewage or industrial waste 
effluent whereby although there is sufficient 
agitation to prevent settlement of solids on 
■die floor of the tanks there is no interference 
wioh the coagulation and removal of -the grease. 

According to the present invention there is 
provided a process for the treatment of sewage 
or industrial waste effluent, which includes the 
steps of agitating the lower zone or region 
of the sewage or industrial waste effluent by 
jets of liquid^ so as to prevent settlement of 
solids without seriously disturbing or agitat- 
ing the main body of sewage or effluent and 
gently aerating the sewage or effluent so as 
•to cause igrease particles therein to coagulate. 

Preferably this (gentle aeration will be 
effected by introducing fine air bubbles into 
the sewage or effluent around which air bubbles 
the grease will collect and coagulate and! rise 
•to <iihe surface: as scum, so -that it can be re- 
moved by known means. 

<!tonvenientily the process is earn ed out in 
apparatus comprising a pre-aeration- tank 
mduding means for gently aerating -tihe sewage 
so as to cause grease particles therein to co- 
agulate and- rise to the surface as scum, and 
tliquid-jet producing means for agitating the 
sewage in the lower zone or region of the 
tank, so as to prevent settlement of solids, 
without seriously disturbing or agitating the 
sewage in other regions of the tank. 

In one preferred method of carrying the 
invention into effect water jets are provided 
at floor level in- tihe pre-aeration tank with 
means for introducing air to die inside of 
said jets so that water issuing from the jets 
keeps the solids in suspension, whilst at the 
same time the water jets disperse air as fine 
tabbies which- [gradually rise .through die sew- 
age in- -the tank and causey 'the required co- 
agulation of the grease particles. 
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One ocr more water jets may foe provided 
for this purpose, the number used, their spac- 
ing and location being found by experiment 
so as to obtain the best results. 
5 Alternatively one or more "water jets may 
fee provided for sweeping across the floor 
of tJie pre-aeration tank, so as to prevent any 
settling out of tie solids before die sewage 
passes into the preliminary sedimentation 
10 tanks, separate air diffuser means being pro- 
vided to give a gentle aeration' whichs although 
not sufficient in itself to give the required! av- 
iation of the sewage to prevent sertiement, is 
sufficient to cause the grease particles to co- 
15 agulate in the quiescent region- of the tank and 
rise to the surface. 

in, for example., a pre-aeration tank say 
1«00 feet in lengthy a long row of water Jets 
could 1 ke used to sweep the whole length of the 
20 tank, gentle air diffusion being introduced in, 
say, oniy the first 60 or 70 feet so that tihe 
latter part of the .tank is quiescent at the 
surface. 

The water jets above referred to may be 
25 located so as to discharge longitudinally and/or 
transversely of the tanks or some of them at 
least may be set at an angle so as to cause 
a slow spiral flow of the sewage. The asxange- 
unent wOl also be such that any parts of Uhe 
30 floor of the tank not in the path of tihe jets 
will be kept dean by tihe oirrents induced 
by -the water jets. 

The process of the invention may be em- 
ployed in any form of tank and igentle aera- 
35 tion may be applied over all or part of the 
tank. The tank employed may be of she type 
which has an aeration zone in the central 
part with slotted verical baffles permitting 
flow from tlhe top portion' of the aerated zone 
40 to quiescent zones at the sides, the sides of 
•the tank being vertical ar their upper portion 
•but sloping inwardly to the bottom of the 
tank at their lower portion. 

Some particular embodiments of -the ioven- 
45 tion -will now be described by way of example 
with reference to the accompanying diagram- 
matic drawings. In these drawings: — 

Figure 1 is a sectional view of a pre-aeration 
tank; 

50 Figure 2 is a fragmentary plan view of the 
pre-aeration tank shown in Figure 1 ; 

Figures 3 ^nrf 4 are plan views similar to 
Figure 2 taut showing two alternative ways in 
which tihe means for effecting the pre-aeration 
55 can be arranged; 

Figure 5 is a semi-diagrammatic sectional' 
view of one form of combined aix and water 
jet aerator particularly suitable for use in die 
pre-aeration tank; 
60 Figure 6 is a sectional view of a (further 
form of pre-aeration tank arrangement; 

Figure 7 is a fragmentary plan view of the 
tank shown in Figure 6; 

Figures 8 and 9 are plan views similar to 
65 Figure 7 but showing two alternative ways 



in which the pre-aeration means may be 
arranged; 

Figure 10 is a sectional view of a still 
further pre-aeration tank arrangement; 

Figure 11 is a plan view of the tank shown 70 
in Figure 10; 

Figure 12 is a sectional view through a still 
further form of pre-aeration tank; 

Figures 13 and 14 are plan views and show 
two different arrangements of the pre-aeration 75 
means embodied in the tank shown in Figure 
12; 

Figure 15 is a cross-sectional view through a 
still further form of pre-aeration tank; 

Figures 16 and 17 are plan views of the 80 
tank shown in Figure 15 and show two 
different arrangements of the pre-aeration 
means incorporated in this tank; 

Figure IS is a cross-sectional view through 
a still further form of pre-aeration tank. 85 

Figure 19 is a plan view of the tank shown 
in Figure 18; 

Figure 20 is a plan view similar to Figure 
19 but showing an alternative arrangement of 
the pre-aeration means; 90 

Figure 21 is a cross-sectional view through 
a still further form of pre-aeration- tank; 

Figure 22 is a plan view of the pre-treat- 
ment -tank shown in Figure 21; 

Figure 23 is a cross-sectional view through 95 
a still ifurther form of pre-aeration tank; 

Figures 24 and 25 are plan views of the pre- 
aeration tank shown in Figure 23 and illu- 
strate two alternative arrangements of the pre- 
aeration means; 100 

Figure 26 is a serni-diagrammatic detail view 
of an impingement form of aerator adapted 
to constitute the pre-aeration means; and 

Figure 27 is a semi-diagrammatic detail 
view of a Venturi form of aerator. 105 

Throughout the drawings the reference 
numeral 10 indicates the pre-txeatment tank, 
the long arrows indicate the direction of flow 
of the water and the short arrows the direc- 
tion of flow of the air. 110 

In the emibodiment of the invention shown 
in Figure 1 die pre-treatment is carried- out 
by combined air and water jets 11 which are 
mounted on and project laterally from, a water 
main 12, air being supplied to the jets from 115 
an air main 13 via a branch pipe 14. 

One of the combined air and water jet 
aerators is shown in.. detail in Figure 5. 
Referring to Figure 5, tihe reference numerai 
15 indicates -the water jet and it will be 120 
noted' that this is screwed into the water main 
12 and projects into but terminates short 
of the end of the air jet 16. The latter has a 
branch 17 for iconncction to the air supply 
branch 14. The air and water issue at high 125 
speed from the jet-end 18 of the aerator, the 
water sweeping across the bottom or lower 
part of «the rank so as to prevent settlement 
of the solids whilst the air rises gently so as 
to cause coagulation of the grease particles. 130 
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Three 'typical alternative aairangements for 
•the combined' air and water jet aerators 11 are 
shown in Figures 2, 3 and: 4. In' the arrange- 
nnent shown in Figure 2 the aerators are 

5 arranged so that the water jets sweep trans- 
versely across the floor or lower part of the 
pre-treatment tank, in the arrangement shown 
in Figure 3 the water jets sweep diagonally 
across the floor car ilower part of the tank, 

10 and in the arrangement sihown in Figure 4 -they 
operate in the longitudinal (direction of the 
tank so as -to effeot a longitudinal sweeping 
action; 

In uhe arrangement shown in Figure «6 the 
15 comlbined air and water jet aerators 11 are 
arranged towards one side of the tank so -that 
the water sweeps across from one side to 
the other as sihown in Figure 7. 

As an alternative to the arrangement shown 
20 in Figure 7, the aerators 11, located 1 at one 
side of the tank as shown in Figure -6, may 
be set as sihown in Figure 8 so as to operate 
idiagonaiUy across tine tank ox as shown in 
Figure 9 so as to operate lonigitudinaMy of 
25 the tank. 

In the embodiment of die invention sihown 
in Figure 10 (the water main ds arranged trans- 
versely instead of Ilongimdinally of -dhe tank 
and the aerators- 11 axe set so tihat they sweep 
30 the tank longitudinally as shown in Figure 

11. 

In 'tihe arrangement shown in Figure 12 the 
pre-aeration tank has centrallly located opposi- 
tely directed aerators 11 set in a ridge 10 a 

35 

on the (base of the tank and the tank ds divided 
by partitions 19 into an aeration zone 20 and 
quiescent zones 21. The aerators in this 
arrangement may, for example, foe arranged 
to sweep transversely across the (bottom of the 

4° tank as sihown in Figure 13 or diagonally as 
shown in Figure 14. 

Figure 155 shows an arrangement similar 
to Chat just described with reference to Figure 
12 except that rows of single aerators 11 

45 are set one to one side and one to the other 
side of the tank which may have a central: 
ridge 10a, Here again uhe aerators may foe 
arranged to sweep transversely across the tank 
as shown in Figure 16 or ihey may he 

50 arranged to operate diagonally as sihown in 
Figure 17. 

In the arrangement shown in Figure 18 the 
air diffusers and the water jets are separate 
elements. In ahis figure, 22 indicates -the 

55 aerators which diffuse air in the form of 
small ibubbles, whilst 23 indicates the water 
,jets which are mounted on the water main' 12. 
There may, for example, be five rows of air 
diffusers as sihown in Figure 19 and! two or 

60 more (transverse rows of water jets, or alter- 
natively .three rows of diffusers and one or 
more rows of water jets as showo in Figure 
20. Various alternative arrangements or com- 
binations of separate diffusers and water jets 



are of course possible and will foe adapted 65 
to suit particular circumstances. 

Figures 21 and 22 show an- arrangement 
similar to that just described witfh reference 
to Figures 18, 19 and 20 except that the tank 
is provided with partitions 19 to divide it into 70 
an aeration zone 20 and two quiescent zones 
21. 

Figures 23, 24 and 25 show arrangements 
similar to <tibat described with reference to 
Figures 21 and 22 except .that instead of 75 
operating longitoddnaliy of the tank the water 
jets operate .transversely across 'the tank from 
the sides thereof as shown in Figure 24 or 
diagonally as shown in Figure 25. 

The impingement form of combined water 80 
jet or " sweep " and aerator shown in Figure 
26 comprises a water jet 25 of which [there 
may Ibe a series mounted along the water 
main 122, and a 'deflector, of saucer shape, 
26, of which tihere may toe several mounted 85 
along dhe air main 27 in vertical alignment 
with the several water nozzles 25. The mains 
12 and! 27 will, of course, (be located close 
•to the floor of -the pre-aeration tank. The air 
is discharged into .the deflector 26 via lateral 90 
openings 28 and the water jet impinges on tihe 
dome-shaped centre 29 of the deflector. The 
result as that the water is directed (laterally 
in all directions so as to sweep the bottom or 
lower pant of t±ue tank whilst Uhe air is broken 95 
•ujp into small (bubbles- which ose to the upper 
part of the rank and cause -tihe desired 1 cor- 
aigulation of the (grease. 

QQn ithe Venturi form of aerator shown in 
Figure 27 the Venturi tube 30 forms an ex- 1°0 
tension of a water supply (branch 31 and the 
air supply pipe 32 is connected .to -the throat 
of the Venturi tube. There will of course ibe 
several such aerators spaced along and/or 
across tfe pre-aeration tank. The water and 105 
air meeting in tine throat of the Venturi tube 
leave the aerator in such a way that the water 
sweeps at high velocity across the lower part 
or bottom of -the tank whilst dhe air which 
has heen broken up into small bubbles rises 1 . 110 
It wild! be noted that the entrance for tihe 
air into the Venturi .throat is in tihe form of 
fine slots or orifices 33 and -the velocity of 
the water sluices off air 'bubbles from* these 
fine slots or orifices. 115 

Water for the water jets may foe idrawn from 
the final effluent d&rom/ -the plant. 

In any of .the arrangements afbove des- 
cribed:, where there are water jets with separ- 
ate air difrusers;, air jets may replace these 120 
air diffusers. A mechanically driven rotor or 
the like may ibe provided in a separate tank 
and this is designed and situated so as to 
churn up water and air into bubbles, which 
churned up water and air is then piped to dis- 125 
charge jets suitably disposed' in the pre-aera- 
tion tank. 

A igas other than air may toe diffused or 
discharged into the liquid in the tank to foe 
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treated. For example, CCX may be used in 
some of the arrangements above described. 
WHAT WE CLAIM IS: — 
1. A process for the treatment of sewage 

5 or industrial, waste effluent, which includes tfie 
steps of agitating: -the lower zone or region of 
the sewage or industrial waste effluent by jets 
of liquid, so as to prevent settlement of solids 
without seriously idisturbdng or agitating; ."the 

10 main ibody of sewage or effluent and gently 
aerating the sewage or effluent so as to cause 
grease particles herein to coagulate. 

2. A process as claimed in Claim 1 wiherein 
the gentle aeration is effected toy mtrcducing 

15 fine air bubbles into the sewage or industrial 
waste effluent around which air bubbles grease 
particles collect and coagulate and .rise to rihe 
surface as scum. 

3. A .process as claimed in Claim 1 or 2 
20 in wihich apparatus is used comprising 

a pre-aeration tank dnduding means for 'gently 
aerating the sewage so as to cause igrease 
particles -therein .to coagulate and rise to 
-the surface as scuni 3 and liquid-jet producing 
25 means for agitating the sewage in the lower 
zone or region- of the tank, so as to prevent 
settlement of solids, without seriously disturb- 
ing or agitating the sewage in other regions of 
the tank. 

30 4. A process as claimed in- Claim 3 wherein 
water jets are provided at or near floor level 
in the' tank, means also being provided for 
introducing air to die inside of said jets 
so that water issuing from the jet keeps the 

35 solids in suspension wihilst at the same time 
the water jets disperse air as fine bubbles 
which gradually rise tihrougjh the sewage or 



;effluent in itihe tank and causes coagulation 
of grease .particles. 

5* A process as claimed in Claim 3 or 4 40 
wiherein one or more water jets ds or are pro- 
vided for sweeping across -the floor of the 
tank so as to prevent settlement of -tfee solids 
before the sewa'ge or effluent passes into a 
preliminary sedimentation tank, separate air 45 
diffuser means toeing provided in the aerating 
zone to give a gentle aeration which, although 
not sufficient in itself to give the required 
agitation of -the sewage to prevent settlement, 
is sufficient to cause grease particles to co- 50 
agulate in the quiescent region of the tank 
and rise to the surface. 

6". A process as claimed in any of the 
preceding Claims 3 to 5 and wherein the 
frank has partitions to -divide it into an' aeration 55 
zone and quiescent zones. 

7. A process for the treatment of sewage 
or industrial waste effluent substantially as 
herein described with reference to the accom- 
panying drawings. 60 

8. A process as claimed in any of the pre- 
ceding claims and* carried out in a plant sub- 
stantially as herein described with reference 
to Figures 1 and 2 3 3 or 4; Figures 6 and 7, 

8 or 9; Figures 10 and 11; Figures 12 and 65 
13 or 14; Figures 15 and 16 or 17; Figures 
18 and 19 or 20; Figures 21 and 22, or 
Figures 23 and 24 or 25 of the accompanying 
drawings. 

E. R. ROYSTON & CO., 
Chartered Patent Agents, 
Tower Bunding, Water Street, 
Liverpool, 3. 
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We, Activated Sludge Limited, a British 
■Company of Abbey House, Victoria Street, 
Westminster, London S.W.I, do hereby 
declare this invention to be described in the 
foUowing statement: — 

This i nv ention is for improvements in or 
relating to the jpurincatiooi of sewage, indus- 
triai waste and the like. 

In -the purification of sewage it (has been 
the practice to pass the incoming screened 
80 and detritus-free sewage ibroug»h' a preliminary 
sedimentation stage and it has also sometimes 
been the practice to treat the sewage in pre^ 
aeration tanks before it passes into such pre- 
linary segmentation tanks. The main purpose 
85 of treating -the sewage in. pre-aeration tanks 
is: — 

a. To freshen up the sewage if it is received 
at the sewage treatment plant in. a stale or 
septic condition. 

b. To obtain some Sacculation of the sewage 
and thereby improve the efficiency of the 



90 



treatment in the preliminary sedimentation 
tanks. 

c. Effect removal of grease. 
The first two objects set forth above can 95 
be achieved by providing the pre-aeration 
tanks with known forms of aeration, eyg. air 
jets or porous stone 'difiusers set in the bottom 
of the -tank, air under pressure being intro- 
duced under the porous stone diffusers and 100 
diffusing up therethrough in -the form of small 
bubbles. It is necessary wMi the diffuser 
arrangement that the diffusing air should cause 
sufficient agitation to prevent die solids in 
the sewage settling on the floor of the tanks. 105 
Unfortunately this agitation is objectionable 
from the point of view of ' obtaining removal 
of die 'grease because, although the grease 
particles may be caused to coagulate they are 
broken up again by such agitation. 110 

An object of the present invention is there- 
fore to provide improvements in the pre- 
aeration of the sewage and the life whereby 
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although iGhere is sufficient agitation* to pre- 
vent settlement of solids on the floor of £he 
tanks chare as no interference with coagulation 
and removal of -the grease and the Oilce. 
5 According to -the present invention there is 
provided a process for the .treatment of sewage 
and: other tirade waste or -the like, which in- 
cludes the steps of agitating the dower zone 
or region of tihe sewage, at least periodically, 

10 so as to prevent settlement of solids with- 
out seriously disturbing or agitating t!he main 
tody of 'liquid, and gently aerating the liquid 
so as to cause (grease particles or die like 
therein to coagulate. 

15 Preferably this gentle aeration will be 
effected! by introducing fine air tabbies into 
i?he sewage or 'the like around which, air bubbles 
the igrease will collect and coagulate and rise 
to the surface as scum, so that it can 'be 

20 removed 'by (known means. 

According to a further feature of the pre- 
sent invention- there is provided in or for use 
in a plant for 'the ■treatment of sewage 3 indus- 
trial waste and the iHike, a pre-aeration tank 

25 including means for gently aerating tihe sewage 
so as ito cause igrease particles herein to co^ 
agulate and rise to the surface as scum, and 
means for agitating the sewage in tihe region 
of sudht! aerating means so as to prevent settle- 

30 ment of solids witjhout seriously dis?turbing or 
agitating the sewage in otfoer regions of the 
tanik. 

In one preferred method of carrying che 
invention into effect water jets are provided 

35 at floor level in* the pre-aeration tank or tanks 
witih {means for mtroducrnig air to the inside 
of said} jets so that water issuing from tihe 
jets keeps the solids in suspension, whilst at 
•the same .time fine water jets disperse air as 

40 fine bobbles which gradually rise rhroujgjb the 
sewage in (the tanik and causes tihe required 
coagulation of the igrease particles and 1 the 
like. 

One or more water jets may be provided* 
45 for tMs purpose, the number used, their spac- 
ing and location being found (by experiment 
so as -to Obtain tihe best iresults. 

lAlternatively one or more water jets may 
(be proivdded for sweeping across tihe floor or 
50 other aerating region of the pre-aeration tank, 
so as to prevent any settling out of the solids 
before tihe sewage passes into tihe preliminary 
sedimentation tanks, separate air diffuser 
means being provided! in said 1 aerating region 



to give a gentle aeration whidh^ although; not 55 
sufficient in itself to give flhc required agita- 
tion of 'tire sewage to prevent settlement, is 
sufficient to cause the grease particles to co- 
agulate in the quiescent region of tihe tank 
and rise to the surface. ~ 60 

In, for example, a pre-aeration tank say 
100 feet in length long water jets could be 
used to sweep the whole length of die taok 3 
jgentle air diffusion being introdnced in, say, 
only die first 60 or 70 feet so that tihe latter 65 
part of >tlhe tank is quiescent at -tihe surface. 
On the oflher hand;, tihe pre-aeration tank may 
'be constructed so tihat .there are alternate sec- 
tions or regions of aeration and quiescence at 
tihe upper zone of -the liquid, .the whole bottom 70 
of the tank being swept clear (by water jets 
so as to prevent any setnhnjg out of tihe solids. 

The water jets above referred' to may be 
located so as to discharge longitudinally and/or 
■transversely of tihe tanlcs or some of them at 75 
least may be set at an angle so as to cause 
a slow spiral flow of the sewage. Tite arrange- 
ment will also be sudb .that any parts of the 
floor of tihe tank not in the path of tihe jets 
will be kept clean by the currents induced by 80 
the water jets. 

The process of -tihe iovention may be em- 
ployed in any form of tank and 'gentle aeration 
may be applied over all or part of the tank. 
Tihus, in addition to the example previously 85 
mentioned the tank employed may be of a 
well known type which has an aeration zone 
in the central paint with slotted baffles per- 
mitting flow from tihe top portion of the 
aerated zone to quiescent zones at -the sides, 90 
the sides of the tank being vertical at tiheir 
upper portion bait sloping inwardly to the 
bottom^ of the tank at tiheir lower portion. 

Ir will be appreciated 1 flhat from one point 
of view a basic feature of -the invention is the 95 
provision of water jets or other means to pre- 
vent settlement of the solids in the pre-area- 
tion tanks whilst at the same time gently 
aerating the liquid in the tanks enter tihrougjh 
the water jets or by other means so as to 100 
obtain coagulation in a quiescent zone of tihe 
grease so that it will rise to tihe surface and 1 
can foe removed before the sewage passes onto 
the preliminary sedirnentation tanks. 
E. R. ROYSTON & CO., 
Chartered Patent Agents^ 
Tower Building^ Water Street, 
Liverpool 3. 
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